METHOD OF FORMING A TUNNELING MAGNETORESISTIVE HEAD 
BACKGROUND OF THE INVENTION 
The present invention relates to a magnetoresistive head for use in 
a magnetic disc drive, and more particularly, to a method of forming a tunneling 
5 magnetoresistive (TMR) head. 

A transducing head of a magnetic data storage and retrieval system 
typically includes a magnetoresistive (MR) reader portion for retrieving magnetic 
data stored on a magnetic medium. The reader is typically formed of several layers 
including an MR sensor positioned between two shield layers. The MR sensor may 
10 be any one of a plurality of MR-type sensors, including anisotropic 
magnetoresistive (AMR), giant magnetoresistive (GMR), tunneling giant 
magnetoresistive (TMR), spin valve, and spin tunneling sensors. When the 
transducing head is placed near a magnetic medium, a resistance of the MR sensor 
fluctuates in response to a magnetic field emanating from within transitions in the 
15 magnetic medium. By providing a sense current through the MR sensor, the 
resistance of the sensor can be measured and used by external circuitry to decipher 
the information stored on the magnetic medium. 

TMR heads have proved to be especially attractive for high areal 
density applications due to their large signal output and reduced shield-to-shield 
20 spacing. TMR heads typically include a multi-layered portion called a TMR stack. 
The TMR stack includes a tunnel barrier layer positioned between two 
ferromagnetic layers. The tunnel barrier is a very thin electrically insulating layer, 
such as aluminum oxide (A1 2 0 3 ), while the two ferromagnetic layers are typically 
formed of an electrically conductive ferromagnetic material. On one side of the 
25 tunnel barrier, the magnetization direction of the ferromagnetic layer is fixed and 
provides a reference direction for the TMR head. However, the magnetization 
direction of the ferromagnetic layer formed on the other side of the tunnel barrier 
rotates freely in response to an external magnetic field from the magnetic medium. 

A sense current is supplied through the ferromagnetic layers and the 
30 tunnel barrier and flows perpendicular to the plane of the layers. While the tunnel 
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barrier is an electrically insulating layer, electrons from the sense current can tunnel 
through the tunnel barrier. As the magnetization of the freely rotating 
ferromagnetic layer rotates in response to the external magnetic field from the 
magnetic medium, the resistance of the tunnel barrier changes. This resistance is 
5 related to the difference between the magnetization directions of the two 
ferromagnetic layers. By measuring the change in resistance (for example, by 
measuring the current flow) the TMR head can read the magnetic bits stored on the 
magnetic medium. 

After the formation of the TMR stack, an air bearing surface is 

10 formed normal to the layers of the TMR stack. This is typically accomplished by 
lapping the TMR stack until the appropriate stripe height has been defined. Stripe 
height is defined as the height of the TMR stack from the air bearing surface to a 
back edge of the TMR stack, opposite the air bearing surface. This mechanical 
lapping process results in the formation of a layer of smearing and debris. It has 

1 5 been found that this layer of smearing and debris is detrimental to the sensitivity of 
the TMR head because the layer forms an low resistance path between the two 
ferromagnetic layers allowing electrons to bypass the tunnel barrier. In addition to 
the problems caused by the smearing and debris layer, the lapping process itself 
causes a degradation in the insulating properties of the tunnel barrier adjacent to the 

20 air bearing surface. 

Various methods have been used to remove the smearing and debris 
layer from the TMR stack to improve the sensitivity of the TMR head. One such 
method is to use an ion beam etch to etch away the smearing and debris layer by 
bombarding the air bearing surface with energetic ions, such as argon ions. While 

25 the ion beam etch does remove the smearing and debris layer from the air bearing 
surface, it also results in a damaged layer on the air bearing surface of the TMR 
stack. The damaged layer, caused by the ion beam etch, includes various types of 
damage including vacancies, knock-ins, knock-outs, implanted argon, etc. 
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BRIEF SUMMARY OF THE INVENTION 
During the formation of a TMR head, an ion etch forms a damaged 
region within the TMR stack, adjacent the air bearing surface. The ion damaged 
region formed by the ion etch has been found to adversely affect the sensitivity of 
5 the TMR head. During the ion etch, a constituent of the tunnel barrier, such as an 
oxide, nitride, or oxynitride, is depleted from a portion of the tunnel barrier. This 
in turn causes a change in the electrical properties of a portion of the tunnel barrier. 
Specifically, the resistance of the tunnel barrier is reduced adjacent the air bearing 
surface. The reduced resistance is detrimental to the sensitivity of the TMR head 
10 because it provides a low resistance path adjacent the air bearing surface that is 
independent of the applied magnetic field. The present invention provides a 
method of forming a TMR head that heals the damage to the tunnel barrier to 
restore the electrical properties of the tunnel barrier adjacent to the air bearing 
surface. 

15 The present invention is a method of forming a TMR head having 

a TMR stack. The TMR stack includes two electrically conductive ferromagnetic 
layers separated by an electrically insulating tunnel barrier. The TMR stack is 
lapped to define an air bearing surface and an appropriate stripe height of the TMR 
head. The resulting smearing and debris layer is then removed from the air bearing 

20 surface using an ion beam etch. The constituent of the tunnel barrier, or a similar 
constituent, is introduced to the air bearing surface either during or subsequent to 
the ion beam etch process. The constituent interacts with the material of the tunnel 
barrier to restore the electrical properties of the tunnel barrier. Finally, a head 
overcoat, such as a diamond-like carbon can be applied to the air bearing surface 

25 of the TMR head. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a flow diagram illustrating a prior art method of forming 

a TMR head. 
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FIG. 2A is a layer diagram illustrating the formation of a prior art 
TMR stack of the TMR head. 

FIG. 2B is a layer diagram of the prior art TMR head after lapping 
to form an air bearing surface. 
5 FIG. 2C is a layer diagram of the prior art TMR head after ion 

etching to remove a smearing and debris layer. 

FIG. 3 is a flow diagram illustrating an exemplary method of 
forming a TMR head of the present invention. 

FIG. 4A is a layer diagram illustrating the formation of a TMR stack 
10 of the TMR head. 

FIG. 4B is a layer diagram illustrating the TMR head after lapping 
to form an air bearing surface and to define a stripe height of the TMR head. 

FIG. 4C is a layer diagram of the TMR head after ion etching while 
replenishing the constituent in tunnel barrier. 
15 FIG. 5 is a flow diagram illustrating an exemplary method of 

forming a TMR head of the present invention. 

FIG. 6 A is a layer diagram illustrating the formation of a TMR stack 
of the TMR head. 

FIG. 6B is a layer diagram illustrating the TMR head after lapping 
20 to form the air bearing surface and to define the stripe height of the TMR head. 

FIG. 6C is a layer diagram illustrating the TMR head after ion 
etching to remove the smearing and debris layer. 

FIG. 6D is a layer diagram illustrating the TMR head after 
replenishing the constituent in the tunnel barrier. 
25 DETAILED DESCRIPTION 

The present invention is a method of forming a TMR head having 
a TMR stack. In the following detailed description of the invention, a surface of the 
TMR stack will be referred to as the air bearing surface. It will be understood by 
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one skilled in the art that the air bearing surface refers to the portion of the air 
bearing surface at the TMR stack, and is not intended to refer to the entire air 
bearing surface of a slider. 

FIG. 1 is a flow diagram illustrating a prior art method of forming 
5 TMR head 20. The method, which will be described in more detail with reference 
to FIGS. 2A-2C, includes three primary steps including form TMR stack step 10 
(FIG. 2 A), lap to form ABS step 12 (FIG. 2B), and ion etch to remove smearing and 
debris step 14 (FIG. 2C). 

FIGS. 2A-2C illustrate the prior art method of forming TMR head 
1 0 20. FIG. 2A is a layer diagram illustrating the formation of prior art TMR stack 22 
of TMR head 20. TMR stack 22 includes first ferromagnetic layer 24, tunnel 
barrier 26, and second ferromagnetic layer 28. The desired location of air bearing 
surface 29 is as shown. Tunnel barrier 26 is formed between first ferromagnetic 
layer 24 and second ferromagnetic layer 28. Tunnel barrier 26 is a very thin (on the 
1 5 order of 1 0 angstroms thick) electrically insulating layer, formed of a material such 
as aluminum oxide (A1 2 0 3 ). First ferromagnetic layer 24 and second ferromagnetic 
layer 28 are electrically conductive layers formed of a ferromagnetic material. 

FIG. 2B is a layer diagram of prior art TMR head 20 after lapping 
to form air bearing surface 29. TMR head 20 includes TMR stack 22 and smearing 
20 and debris layer 30. TMR stack 22 includes first ferromagnetic layer 24, tunnel 
barrier 26, and second ferromagnetic layer 28. Smearing and debris layer 30 
roughly defines air bearing surface 29 on TMR stack 22 of TMR head 20. 

After the formation of TMR stack 22, TMR stack 22 undergoes a 
lapping process to form air bearing surface 29. The lapping process defines the 
25 stripe height of TMR head 20. The formation of the air bearing surface and stripe 
height is typically done by lapping a surface of the TMR stack until the appropriate 
stripe height has been defined. This lapping process produces smearing and debris 
layer 30 across air bearing surface 29 of TMR stack 22. Since smearing and debris 



layer 30 includes electrically conductive materials from TMR stack 22, smearing 
and debris layer 30 forms a low resistance path between first ferromagnetic layer 
24 and second ferromagnetic layer 28. It is desirable, during the operation of TMR 
head 20, for all electrons to tunnel through tunnel barrier 26 with a probability of 
tunneling related to the magnetic field applied by the magnetic medium. Since the 
low resistance path of smearing and debris layer 30 allows electrons to flow 
independent of the applied magnetic field, the low resistance path of smearing and 
debris layer 30 is detrimental to the operation of TMR head 20. 

FIG. 2C is a layer diagram illustrating the prior art TMR head 20 
after ion etching to remove smearing and debris layer 30. TMR head 20 includes 
TMR stack 22. TMR stack 22 includes first ferromagnetic layer 24, tunnel barrier 
26, second ferromagnetic layer 28, and ion damaged region 32, which includes first 
damaged region 34, second damaged region 36, and third damaged region 38. First 
damaged region 34 is formed adjacent to air bearing surface 29 of first 
ferromagnetic layer 24. Second damaged region 36 is formed adjacent to air 
bearing surface 29 of tunnel barrier 26. Third damaged region 38 is formed 
adjacent to air bearing surface 29 of second ferromagnetic layer 28. 

In order to remove smearing and debris layer 30 from air bearing 
surface 29, a process such as ion beam etching is performed on smearing and debris 
layer 30 and air bearing surface 29 of TMR stack 22. While the ion beam etch is 
effective in removing smearing and debris layer 30, it also forms ion damaged 
region 32 adjacent air bearing surface 29 of TMR stack 22. Ion damaged region 32 
is the result of energetic ions bombarding air bearing surface 29 and forming 
various types of damage including vacancies, knock-ins, knock-outs, and implanted 
ions within TMR stack 22 adjacent to air bearing surface 29. 

It has been found that ion damaged region 32 of prior art TMR head 
20 adversely effects the sensitivity of TMR head 20 by forming a low resistance 
path between first ferromagnetic layer 24 and second ferromagnetic layer 28. Ion 



damaged region 32, resulting from the ion beam etch, includes second damaged 
region 36, which is the portion of tunnel barrier 26 adjacent air bearing surface 29. 
It has been found that second damaged region 36 of tunnel barrier 26 has inferior 
electrical properties compared to the undamaged portion of tunnel barrier 26 due 
5 to the fact that the ion damage causes a deficiency in a constituent of tunnel barrier 
26, which could be an oxide, nitride, or oxynitride. Accordingly, the constituent 
deficiency in ion damaged region 32 forms a low resistance path between first 
ferromagnetic layer 24 and second ferromagnetic layer 28 in which electrons can 
bypass tunnel barrier 26 independent of the applied magnetic field. In this way, the 

10 sensitivity of TMR head 20 is reduced by the increased electron flow that is not 
dependent on the applied magnetic field. 

FIG. 3 is a flow diagram illustrating an exemplary method of 
forming TMR head 50 of the present invention. The method, which will be 
described in more detail with reference to FIGS. 4A-4C, includes three primary 

1 5 steps including form TMR stack step 40 (FIG. 4A), lap to form ABS step 42 (FIG. 
4B), and ion etch while replenishing the constituent in tunnel barrier step 44 (FIG. 
4C). 

FIGS. 4A-4C illustrate an exemplary method of forming TMR head 
50 of the present invention. FIG. 4 A is a layer diagram illustrating the formation 

20 of TMR stack 52 of TMR head 50. TMR stack 52 includes first ferromagnetic layer 
54, tunnel barrier 56, and second ferromagnetic layer 58. The desired location of 
air bearing surface 59 is as shown. Tunnel barrier 56 is positioned between first 
ferromagnetic layer 54 and second ferromagnetic layer 58. TMR stack 52 is formed 
by well known semiconductor fabrication processes such as sputtering. First and 

25 second ferromagnetic layers 54 and 58 are composed of a ferromagnetic material 
such as ferromagnetic materials including Co, Ni, Fe, or an alloy composition, for 
example, Co 50 Fe 50 . Tunnel barrier 56 is an electrically insulating material which 
may be formed of an oxide, nitride, or oxynitride of elements such as Hf, Ta, Nd, 
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Ti, Mg, Al, Y, Zr, or Si. In addition, tunnel barrier 56 could be formed of an oxide, 
nitride, or oxynitride of an alloy of these or other suitable elements. The oxide, 
nitride, or oxynitride of the tunnel barrier will be referred to as the constituent of 
the tunnel barrier. Tunnel barrier 56 is a very thin insulating layer. While the exact 
thickness of the tunnel barrier will depend on the material used, the tunnel barrier 
is preferably in the range of 1 to 20 angstroms thick. 

FIG. 4B is a layer diagram illustrating TMR head 50 after lapping 
to form air bearing surface 59 and to define the stripe height of TMR head 50. 
TMR head 50 includes TMR stack 52 and smearing and debris layer 60. TMR 
stack 52 includes first ferromagnetic layer 54, tunnel barrier 56, and second 
ferromagnetic layer 58. The air bearing surface and stripe height formation process 
is performed by a process such as lapping to a surface of TMR stack 52. This 
process not only defines air bearing surface 59 but also sizes TMR stack 52 of TMR 
head 50 such that it has the appropriate stripe height. The stripe height of TMR 
stack 52 is defined as the height of TMR stack 52 from air bearing surface 59 to a 
back edge of TMR stack 52 (not shown), opposite air bearing surface 59. 

Since smearing and debris layer 60 includes portions of electrically 
conductive layers of TMR stack 52, smearing and debris layer 60 is also electrically 
conductive. This causes a path of lower resistance than the tunnel barrier to be 
formed between first ferromagnetic layer 54 and second ferromagnetic layer 58. As 
was previously described, it is desirable to remove smearing and debris layer 60 
from TMR stack 52 to remove this low resistance path. 

FIG. 4C is a layer diagram of TMR head 50 after ion etching while 
replenishing deficiencies in tunnel barrier 56. This step involves the simultaneous 
removal of smearing and debris layer 60 and the replenishing of the deficient 
constituent of tunnel barrier 56. TMR head 50 includes TMR stack 52. TMR stack 
52 includes first ferromagnetic layer 54, tunnel barrier 56, second ferromagnetic 
layer 58, air bearing surface 59 and replenished region 61 . Replenished region 61 



includes first replenished region 62 of first ferromagnetic layer 54, second 
replenished region 64 of tunnel barrier 56, and third replenished region 66 of 
second ferromagnetic layer 58. 

In order to remove smearing and debris layer 60 from TMR stack 52, 
5 a cleaning process such as ion etching is performed on air bearing surface 59 of 
TMR stack 52. As a part of the ion etching, a precursor gas is provided as an ion 
source for the ion etching. In an exemplary embodiment of the present invention, 
a source of the constituent of the tunnel barrier or a similar constituent source, such 
as an oxygen, nitrogen, or combination of oxygen and nitrogen source is also 

10 provided with the precursor gas going into the ion beam, during the ion etching of 
the air bearing surface. This constituent source supplies a significant portion of 
constituent ions into the ion beam which subplants the constituent a depth into the 
surface nominally equivalent to the depth of ion damage. It is recognized that the 
constituent used to replenish the deficiencies of the constituent of tunnel barrier 56, 

1 5 does not need to be the same constituent as that of tunnel barrier 56. For example, 
if tunnel barrier 56 is formed of A1 2 0 3 , a nitride or oxynitride could be utilized to 
replenish the constituent of tunnel barrier 56. In addition, the step of replenishing 
the constituent does not require that all of the deficiencies of the constituent of 
tunnel barrier 56 be replenished. Rather, the deficiencies should be sufficiently 

20 replenished to ensure that the electrical properties of the tunnel barrier have been 
sufficiently restored. 

The subplanted constituent replenishes the deficiencies in the tunnel 
barrier, forming replenished region 61. Accordingly, the subplanted constituent 
restores the electrical properties of the tunnel barrier, thus healing the ion damage 

25 to tunnel barrier 56 from the ion etch. This results in the formation of second 
replenished region 64 of replenished region 61 and tunnel barrier 56. After the 
formation of second replenished region 64, tunnel barrier 56 has substantially 
uniform electrical properties extending all the way to the air bearing surface. In 
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particular, the resistance of tunnel barrier 56 is restored to substantially the same 
value within second replenished region 64 as prior to the ion etch. 

It has been found that this exemplary method of forming TMR head 
50 results in a significant improvement in the sensitivity of TMR head 50 by 
5 eliminating the low resistance path between first ferromagnetic layer 54 and second 
ferromagnetic layer 58, because the current passing between first ferromagnetic 
layer 54 and second ferromagnetic layer 58 must tunnel through tunnel barrier 56. 
This tunneling effect, unlike a direct electrical connection, is dependent upon the 
applied magnetic field from the magnetic medium. Thus, TMR head 50 has an 

1 0 improved magnetic response over the TMR heads of the prior art. 

After the replenishing of tunnel barrier 56, a head overcoat layer (not 
shown) would typically be formed on air bearing surface 59 of TMR stack 56. The 
head overcoat layer is a non-conductive protective layer such as diamond-like 
carbon (DLC). The head overcoat layer seals air bearing surface 59 and protects 

15 TMR stack 52 from corrosion and damage. 

FIG. 5 is a flow diagram illustrating an exemplary method of 
forming TMR head 80 of the present invention. The method, which will be 
described in more detail with reference to FIGS . 6 A-6D, includes four primary steps 
including form TMR stack step 70 (FIG. 6A), lap to form ABS step 72 (FIG. 6B), 

20 ion etch to remove smearing and debris step 74 (FIG. 6C), and replenish the 
constituent in tunnel barrier step 76 (FIG. 6D). 

FIGS. 6A-6D illustrate an exemplary method of forming TMR head 
80 of the present invention. FIG. 6A is a layer diagram illustrating the formation 
of TMR stack 82 of TMR head 80. TMR stack 82 includes first ferromagnetic layer 

25 84, tunnel barrier 86, and second ferromagnetic layer 88. The desired location of 
air bearing surface 89 is as shown. Tunnel barrier 86 is positioned between first 
ferromagnetic layer 84 and second ferromagnetic layer 88. TMR stack 82 is formed 
by well known semiconductor fabrication processes such as sputtering. First and 
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second ferromagnetic layers 84 and 88 are composed of a ferromagnetic material 
such as ferromagnetic materials including Co, Ni, Fe or an alloy composition of 
these, for example, Co 50 Fe 50 . Tunnel barrier 86 is an electrically insulating material 
which may be formed of an oxide, nitride, or oxynitride of elements such as Hf, Ta, 
5 Nd, Ti, Mg, Al, Y, Zr, or Si. In addition, tunnel barrier 86 could be formed of an 
oxide, nitride, or oxynitride of an alloy of these or other suitable elements. Tunnel 
barrier 86 is a very thin insulating layer. While the exact thickness of the tunnel 
barrier will depend on the material used, the tunnel barrier is preferably in the range 
of 1 to 20 angstroms thick. 

10 FIG. 6B is a layer diagram illustrating TMR head 80 after lapping 

to form air bearing surface 89 and to define the stripe height of TMR head 80. 
TMR head 80 includes TMR stack 82 and smearing and debris layer 90. TMR 
stack 82 includes first ferromagnetic layer 84, tunnel barrier 86, and second 
ferromagnetic layer 88. The air bearing surface and stripe height formation process 

15 is performed by a process such as lapping to a surface of TMR stack 82. This 
process not only defines air bearing surface 89 but also sizes TMR stack 82 of TMR 
head 80 such that it has the appropriate stripe height. Stripe height of TMR stack 
82 is defined as the height of TMR stack 82 from air bearing surface 89 to a back 
edge of TMR stack 82 (not shown), opposite air bearing surface 89. 

20 FIG. 6C is a layer diagram illustrating TMR head 80 after ion 

etching to remove smearing and debris layer 90. TMR head 80 includes TMR stack 
82 and ion damaged region 9 1 . TMR stack 82 includes first ferromagnetic layer 84, 
tunnel barrier 86, and second ferromagnetic layer 88. Ion damaged region 91 
includes first damaged region 92, second damaged region 94, and third damaged 

25 region 98. Ion damaged region 91 is formed at air bearing surface 89 of TMR stack 
82 and includes various types of damage that result from the ion beam etch such as 
vacancies, knock-ins, knock-outs, implanted ions, etc. This damage causes a 
deficiency of the constituent in tunnel barrier 86. 
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It has been found that ion damaged region 91 adversely effects the 
performance of TMR head 80 by providing a low resistance path between first 
ferromagnetic layer 84 and second ferromagnetic layer 88, due to the deficiency of 
the constituent in tunnel barrier 86. In this exemplary embodiment, the constituent 
5 of tunnel barrier 86 is not included with a precursor gas during the ion beam etch. 
Rather, the electrical properties of tunnel barrier 86 at second damaged region 94 
are restored subsequent to the ion beam etch. 

FIG. 6D is a layer diagram illustrating TMR head 80 after 
replenishing the constituent in tunnel barrier 86. TMR head 80 includes TMR stack 
10 82. TMR stack 82 includes first ferromagnetic layer 84, tunnel barrier 86, second 
ferromagnetic layer 88, and replenished region 97. Replenished region 97 includes 
first replenished region 98 of first ferromagnetic layer 84, second replenished region 
100 of tunnel barrier 86, and third replenished region 102 of second ferromagnetic 
layer 88. 

15 In order to replenish the deficiencies of the constituent in tunnel 

barrier 86 from the damage caused by the ion beam etch, as shown in FIG. 6C, the 
air bearing surface of TMR stack 82 is replenished to heal ion damaged region 9 1 , 
restoring the electrical properties of tunnel barrier 86. The process of replenishing 
the air bearing surface is performed by exposing ion damaged region 91 to a 

20 constituent source such as an oxygen or nitrogen containing ion source, an oxygen 
or nitrogen radical source, or simply an oxygen or nitrogen source by any suitable 
process. These processes include natural oxidation, UV oxidation, atomic beam 
oxidation, ion assisted oxidation, plasma oxidation, ion beam oxidation, or similar 
processing to produce an oxide, nitride, or oxynitride. By replenishing the air 

25 bearing surface of TMR stack 82 with the constituent, ion damaged region 91 is 
healed by restoring the electrical properties of second replenished region 100 of 
tunnel barrier 86 adjacent air bearing surface 89. Some of these methods of 
replenishing the deficiencies of the constituent of tunnel barrier 86, such as ion 
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beam oxidation will form replenished regions in first and second ferromagnetic 
layers 84 and 88, namely first and third replenished regions 98 and 102. Though 
first and third replenished regions 98 and 102 form a thin oxide, nitride, or 
oxynitride layer on conductive first and second ferromagnetic layers 84 and 88, the 
performance of TMR head 1 0 is greatly improved by replenishing the deficiencies 
of the constituent in ion damaged region 91 to form replenished region 97. 

It is recognized that the constituent used to replenish the deficiencies 
of the constituent of tunnel barrier 86 does not need to be the same constituent as 
that of tunnel barrier 86. For example, if tunnel barrier 86 is formed of A1 2 0 3 , a 
nitride or oxynitride could be utilized to replenish the constituent of the tunnel 
barrier. In addition, the step of replenishing the constituent does not require that all 
of the deficiencies of the constituent of tunnel barrier 86 be replenished. Rather, 
the deficiencies should be sufficiently replenished to ensure that the electrical 
properties of the tunnel barrier have been sufficiently restored. 

It has been found that this exemplary method of forming TMR head 
80 results in a significant improvement in the sensitivity of TMR head 80 by 
eliminating the low resistance path between first ferromagnetic layer 84 and second 
ferromagnetic layer 88 by the formation of second replenished region 1 00, because 
all current passing between first ferromagnetic layer 84 and second ferromagnetic 
layer 88 must tunnel through tunnel barrier 86. This tunneling effect, unlike a 
direct, low resistance connection, is dependent upon the applied magnetic field 
from the magnetic medium. Thus, TMR head 80 has an improved magnetic 
response over the TMR heads of the prior art. 

After the replenishing of tunnel barrier 86, a head overcoat layer 
would typically be formed on air bearing surface 89 of TMR stack 82. The head 
overcoat layer is a non-conductive protective layer such as diamond-like carbon 
(DLC). The head overcoat layer seals air bearing surface 89 and protects TMR 
stack 82 from corrosion and damage. 
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Although the present invention has been described with reference to 
preferred embodiments, workers skilled in the art will recognize that changes may 
be made in form and detail without departing from the spirit and scope of the 
invention. 



